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LI QUI D CRYSTAL Dl SPLAY DEVI CE 

The EPO does not accept any responsibility for the accuracy of data and information originating from other 
authorities than the EPO; in particular, the EPO does not guarantee that they are complete, up-to-date or fit 
for specific purposes. 

Description of corresponding document: EP 1083540 (A2) 

[0001] The present invention relates to a liquid crystal display device capable of operating with reduced 
power consumption. 

[0002] One important point in developing a low power consumption microcomputer is to stop the operation 
of circuits not required for the moment or lower the operation frequency as much as possible. 

[0003] Fig. 1 is a block diagram of a segment driver circuit in a conventional liquid crystal display device. 
Fig. 2 is a block diagram of a common driver circuit in the conventional liquid crystal display device. Fig. 3A 
is a schematic waveform chart showing a segment waveform in a non-display state in the conventional 
liquid crystal display device, in which the ordinate represents potential, and the abscissa represents time. 
Fig. 3B is a schematic waveform chart showing a common waveform in a non-display state in the 
conventional liquid crystal display device, in which the ordinate represents potential and the abscissa 
represents time. 

[0004] As shown in Fig. 1 , the segment driver circuit used in the conventional liquid crystal display device 
includes a segment power supply selector 1 00, a segment driver control circuit 1 1 0, and a segment driver 
1 20. The segment power supply selector 1 00 has a power supply switching timing control circuit 1 01 , to 
which switches a1 02, b1 03, d 04 and d1 05 are connected. The switch a1 02 is connected with a ground 
potential GND, and switches b1 03, d 04 and d1 05 are provided with power supplies VLC2, VLC1 , and 
VLC0, respectively. The power supply switching timing control circuit 101 is provided with a clock signal to 
switch between switches c104 and d1 05 and selectively output VLC0 or VLC1 as a high potential side 
power supply VSH. Meanwhile, the control circuit 101 switches between the switches a102 and b103 to 
selectively output VLC2 or GND as a low potential side power supply VSL. 

[0005] The segment driver control circuit 1 1 0 has a display timing control circuit 1 1 1 to which frame signals 
0 to 3 and display memory data 0 are input, and the display timing control circuit 1 1 1 outputs a segment 
driver gate signal SD0. 

[0006] The segment driver 120 of a CMOS type has a p channel output buffer 121 and an n channel output 
buffer 1 22. The p channel output buffer 1 21 is provided with the high potential side power supply VSH as an 
input, while the n channel output buffer 1 22 is provided with the low potential side power supply VSL as an 
input. The connection node of the p channel output buffer 121 and the n channel output buffer 122 is 
connected to a segment terminal 1 23. The output SD0 of the display timing control circuit 1 1 1 is input to the 
gates of the p channel output buffer 1 21 and the n channel output buffer 1 22. When the segment driver gate 
signal SD0 is pulled to a high level, the n channel output buffer 122 is turned on and VSL is output to the 
segment terminal 1 23. When the segment driver gate signal SD0 is pulled to a low level, the p channel 
output buffer 121 is turned on and VSH is output to the segment terminal 123. 

[0007] As shown in Fig. 2, the common driver circuit used in the conventional liquid crystal display device 
includes a common power supply selector 130, a common driver control circuit 140 and a common driver 
1 50. The common power supply selector 1 30 has a power supply switching timing control circuit 1 31 , which 
is connected with switches a132, b133, c134 and d135. The switch a132 is connected with the ground 
potential GND, and switches b133, c134 and d135 are provided with power supplies VLC2, VLC1 and 
VLCO, respectively. The power supply switching timing control circuit 1 31 is provided with a clock signal to 
switch between the switches c134 and d135 to selectively output VLCO or VLC1 as the high potential side 
power supply VCH. The circuit 131 switches between the switches a132 and b133 to selectively output 
VLC2 or GND as the low potential side power supply VCL. 

[0008] The common driver control circuit 140 has a display timing control circuit 141 to which the frame 
signals 0 to 3 are input, and the display timing control circuit 141 outputs a common driver gate signal CDO. 

[0009] The common driver 150 of a CMOS type has a p channel output buffer 151 and an n channel output 
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buffer 1 52. The p channel output buffer 1 51 is provided with the high potential side power supply VCH as an 
input, and the n channel output buffer 152 is provided with the low potential side power supply VCL as an 
input. The connection node of the p channel output buffer 1 51 and the n channel output buffer 1 52 is 
connected to a common terminal 1 53. The output CDO of the display timing control circuit 1 41 is input to the 
gates of the p channel output buffer 1 51 and the n channel output buffer 1 52. When the common driver gate 
signal CDO is pulled to a high level, the n channel output buffer 152 is turned on and VCL is output to the 
common terminal 153. When the common driver gate signal CDO is pulled to a low level, the p channel 
output buffer 1 51 is turned on and VHC is output to the common terminal 1 53. 

[0010] In the conventional liquid crystal display device having the above described configuration, the power 
supply switching timing control circuit 1 01 in the segment driver circuit operates in response to a clock 
signal, and for example selects VLC1 for output as VSH while selects VLC2 for output as VSL as shown in 
Fig 3A. In a non-display state, only the clock signal is input to the display timing control circuit 1 1 1 in the 
segment driver control circuit 1 1 0. The display timing control circuit 1 1 1 outputs to the segment driver 1 20 a 
signal switched between high and low in synchronization with the clock signal as the segment driver gate 
signal SD0. Thus, as shown in Fig. 3A, a rectangular, segment waveform SO is output to the segment 
terminal 123. 

[001 1] The power supply switching timing control circuit 131 in the common driver circuit operates in 
response to the clock signal and for example selects VLC1 for output as VCH, while selects VLC2 tor output 
as VCL as shown in Fig. 3B. In a non-display state, the display timing control circuit 141 in the common 
driver control circuit 140 is provided only with the clock signal. The display timing control circuit 141 outputs 
to the common driver 150 a signal switched between high and low in synchronization with the clock signal 
as the common driver gate signal CDO. Thus, a rectangular, common waveform CO is output to the common 
terminal 153 as shown in Fig. 3B. 

[001 2] However, since the segment driver 1 20 is a CMOS type device, as the signal SO output to the 
segment 123 has its output state transitioned in the rectangular waveform as shown in Fig. 3A, through 
current is generated in the p channel output buffer 121 and the n channel output buffer 122. 

[0013] Similarly, the common driver 150 is also a CMOS type device, as the signal CO output to the 
common terminal 153 has its output state transitioned in the rectangular waveform as shown in Fig. 3B, 
through current is generated in the p channel output buffer 151 and the n channel output buffer 152. This 
causes current loss and increases power consumption. 

[0014] Furthermore, in the conventional liquid crystal display device (hereinafter as the LCD device), as 
shown in Figs. 3A and 3B, a rectangular wave in an intermediate potential level is output from the segment 
terminal 123 and the common terminal 153 in a non-display state, and current is thus wasted. 

[0015] Meanwhile, in the conventional LCD device, a power supply control circuit which displays using a 
boosted power supply for LCD display can select whether to connect or disconnect the boosted power 
supply to/from the load. Therefore, the boosting circuit and the load are separated to reduce time required 
for boosting right after turning on the power supply and initialization. The load mainly refers to a segment 
terminal capacity and an LCD panel capacity. If a transition from a display state to a non-display state is 
controlled only with the power supply control circuit, disconnection of the power supply to the load is 
selected in the power supply control circuit to make a transition to a non-display state. If the boosting circuit 
is isolated from the load, the load is no longer supplied with power supply, and the potential immediately 
before the isolation from the power supply is maintained by the capacity of the load itself. Therefore, when 
the light is turned off, time should be necessary for charges charged at the load, i.e., the segment terminal 
or the common terminal to be discharged naturally, so that it takes relatively long for the LCD panel to be 
turned off. 

[0016] In order to solve a part of the above-described problem, an LCD device operating with reduced 
power consumption has been suggested (Japanese Patent Laid-Open publication No. Hei. 2-210492, 
Japanese Patent Laid-Open publication No. Hei. 2-221998). 

[0017] Japanese Patent Laid-Open publication No. Hei. 2-210492 discloses the LCD device having a 
plurality of bi-directional transfer gates provided in the power supply of a driving circuit for a liquid crystal 
display element and capable of interrupting a clock signal for the liquid crystal display element. 
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[0018] The LCD device makes the bi-directional transfer gates non-conductive with a stand-by control signal 
to bring the output of the entire output terminals for driving the LCD device element into a high impedance 
state, so that the driving clock signal can be stopped without degrading the characteristic of liquid crystal 
display element. 

[0019] Japanese Patent Laid-Open publication No. Hei. 2-221998 discloses an LCD device in which two bi- 
directional transfer gate circuits are connected to the power supply source of the output buffer circuit which 
directly drives the liquid crystal display element, and the power supply for driving the liquid crystal and other 
power supplies may be switched by the control signal for the transfer gate circuit. The LCD device can 
output a particular voltage according to an operation state for a common electrode driving signal and a 
segment electrode signal to directly drive the liquid crystal display element. 

[0020] According to Japanese Patent Laid-Open publication No. Hei. 2-210492, however, all the output 
terminals are in a high impedance state, and therefore the LCD device suffers from flickering when the LCD 
device is in a non-display state. 

[0021] According to Japanese Patent Laid-Open publication No. Hei. 2-221998, if the LCD device is used in 
a dynamic system, and GND or a potential higher than GND is selected for the output of the transfer gate 
circuit, inverse bias is generated to increase current in the p channel of the output buffer circuit, and the 
VDD level cannot be selected as an n channel buffer source potential for each LCD terminal. This prevents 
the power consumption from being reduced. 

[0022] Furthermore, Japanese Patent Laid-Open publication No. Sho. 59-002081, Japanese Patent Laid- 
Open publication No. Hei. 6-245172 and Japanese Patent Laid-Open publication No. Hei. 10-207429 
disclose the techniques of reducing the power consumption of the display device, but the above-described 
disadvantages cannot be solved. 

[0023] It is an object of the present invention to provide a liquid crystal display device capable of operating 
with reduced power consumption in a non-display state and with reduced transition time from a display state 
from a non-display state. 

[0024] The liquid crystal display device according to the present invention includes a liquid crystal display 
panel, a common driver and a segment driver to drive each pixel in the liquid crystal display panel, a 
common driver control circuit and a segment driver control circuit to control the common driver and the 
segment driver, respectively based on a display timing, a boosting circuit to output power supplies in a 
plurality of potentials including a ground potential, a common power supply selector connected between the 
boosting circuit and the common driver to selectively supply two power supplies on high and low potential 
sides to the common driver, a segment power supply selector connected between the boosting circuit and 
the segment driver to selectively supply two power supplies on the high and low potential sides to the 
segment driver and an unit to input a non-display control signal to the common power supply selector, the 
common driver control circuit, the segment power supply selector and the segment driver control circuit and 
allow the common driver and the segment driver to output the ground potential when a pixel is in a non- 
display state. 

[0025] According to the present invention, when the non-display control signal is input, the common driver 
and the segment driver to drive each pixel in the liquid crystal display panel output a ground potential, and 
therefore the ground potential is output to each pixel in a non-display state rather than a rectangular wave in 
an intermediate potential. Therefore, when the liquid crystal display panel is in a non-display state, the 
power consumption may be reduced. 

[0026] Also according to the present invention, the ground potential can be applied to each pixel in the liquid 
crystal panel, charges accumulated in a capacity can be discharged by the ground potential when the liquid 
crystal panel changes its state from a display state to a non-display state, so that the charges can be 
quickly discharged. As a result, the time required for transition from the display state to the non-display state 
can be reduced, which can reduce the time required for turning off the light. 

[0027] In this case, the common driver and the segment driver each have a MOS transistor of one 
conductivity type and a MOS transistor of the other conductivity type connected in series between an input 
terminal for the high potential side power supply and an input terminal for the low potential side power 
supply, and the outputs of the common driver control circuit and the segment driver control circuit are input 
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to the gates of these transistors. The common power supply selector and the segment power supply 
selector output a ground potential as the low potential side power supply when the non-display control 
signal is input, so that the common driver control circuit and the segment driver control circuit turn on a 
transistor on the side to which the low potential side power supply is input among the transistors when the 
non-display control signal is input. 

[0028] Thus, the common power supply selector and the segment power supply selector output the ground 
potential as the low potential side power supply when the non-display control signal is input. The common 
driver control circuit and the segment driver control circuit turn on a transistor on the side to which the low 
potential side power supply is input among the transistors. Therefore, through current passed through the 
MOS transistors of the one and the other conductivity types connected in series is eliminated, so that the 
power consumption can be reduced. 

[0029] Preferably, the common driver control circuit and the segment driver control circuit have a display 
timing control circuit provided with a frame signal, and a logic circuit provided with the output of the display 
timing control circuit and the non-display control signal. When the non-display control signal is turned on, a 
signal to turn on a transistor on the side provided with the low potential side power supply among the 
transistors is output from the logic circuit. 

[0030] Thus, the signal to turn on the transistor on the side supplied with the low potential side power supply 
among the transistors is output from the logic circuit, and therefore the ground potential can be output to 
each pixel in the liquid crystal display panel as the low potential side power supply from this transistor. 

[0031] The nature, principle, and utility of the invention will become more apparent from the following 
detailed description when read in conjunction with the accompanying drawings in which like parts are 
designated by like reference numerals or characters. 

[0032] In the accompanying drawings: Fig. 1 is a block diagram of a segment driver in a conventional liquid 
crystal display device; Fig. 2 is a block diagram of a common driver in the conventional liquid crystal display 
device; Fig. 3A is a schematic waveform chart showing a segment waveform in a non-display state in the 
conventional liquid crystal display device in which the ordinate represents potential and the abscissa 
represents time; Fig. 3B is a schematic waveform chart showing a common waveform in a non-display state 
in the conventional liquid crystal display device in which the ordinate represents potential and the abscissa 
represents time; Fig. 4 is a block diagram of a liquid crystal display device according to an embodiment of 
the present invention; Fig. 5 is a block diagram of a segment power supply selector, a segment driver 
control circuit and a segment driver in the liquid crystal display device according to the embodiment of the 
present invention; Fig. 6 is a block diagram of a common power supply selector, a common driver control 
circuit and a common driver in the liquid crystal display device according to the embodiment of the present 
invention; Fig. 7 is a timing chart showing the input and output waveforms of the segment driver control 
circuit and the segment driver according to the embodiment in which the ordinate represents potential and 
the abscissa represents time; Fig. 8A is a timing chart showing the input and output waveforms of the 
segment driver according to the embodiment in which the ordinate represents potential and the abscissa 
represents time; Fig. 8B is an enlarged view of a main part of Fig. 8A; Fig. 9 is a timing chart showing the 
input and output waveforms of the common driver control circuit and the common driver according to the 
embodiment of the present invention in which the ordinate represents potential and the abscissa represents 
time; Fig. 1 0A is a timing chart showing the input and output waveforms of the common driver according to 
the embodiment of the present invention in which the ordinate represents potential and the abscissa 
represents time; and Fig. 1 0B is an enlarged view of a main part of Fig. 1 0A. 

[0033] A liquid crystal display device according to an embodiment of the present invention will be now 
described in detail in conjunction with the accompanying drawings. 

[0034] Fig. 4 is a block diagram of the liquid crystal display device according to the embodiment of the 
present invention. Fig. 5 is a block diagram of a segment power supply selector, a segment driver control 
circuit and a segment driver in the liquid crystal display device according to the embodiment. Fig. 6 is a 
block diagram of a common power supply selector, a common driver control circuit and a common driver in 
the liquid crystal display device according to the embodiment. Note that n sets of segment drivers 3 and 
segment driver control circuits 2 the same as those in Fig. 5 are generically shown in Fig. 4. Four sets of 
common drivers 6 and common driver control circuits 5 the same as those in Fig. 6 are generically shown in 
Fig. 4. 
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[0035] In the liquid crystal display device according to the embodiment, as shown in Fig. 4, a boosting circuit 
7 connected to a power supply 72 through a switch 71 boosts the voltage of the power supply 72 and 
outputs three kinds of power supply voltages VLCO, VLC1 and VLC2. These power supply voltages VLCO to 
VLC2 are input to a segment power supply selector 1 and a common power supply selector 4. The segment 
power supply selector 1 selects among these power supply voltages and a ground potential and outputs a 
high potential side power supply VSH and a low potential side power supply VSL to the segment driver 3. 
The common power supply selector 4 similarly selects among these power supply voltages and the ground 
potential and outputs a high potential side power supply VCH and a low potential side power supply VCL to 
the common driver 6. The segment driver 3 and the common driver 6 output their output signals SO to Sn 
and CO to C3 to a liquid crystal (LCD) panel 9, and a plurality of pixels in the LCD panel 9 are thus driven to 
display data. 

[0036] A display control circuit 8 outputs a clock signal to the segment power supply selector 1 and the 
common power supply selector 4 as well as to the segment driver control circuit 2 and the common driver 
control circuit 5. A display memory 80 stores data in a display pattern (display memory data) to be displayed 
at the LCD panel 9. Note that display memory data 0 to n represent addresses in the display memory 80. 
The data in the display memory 80 is provided to the segment driver control circuit 2 through the display 
control circuit 8. The display control circuit 8 outputs a frame signal to the segment driver control circuit 2 
and the common driver control circuit 5. According to the present embodiment, the display control circuit 8 
outputs a non-display control signal when each pixel in the liquid crystal is in a non-display state. The non- 
display control signal is input to the segment driver control circuit 2, the segment power supply selector 1 , 
the common driver control circuit 5 and the common power supply selector 4. 

[0037] As shown in Fig. 5, the segment power supply selector 1 has a power supply switching timing control 
circuit 1 0 which is connected with switches a1 1 , b1 2, d 3 and d 4 each formed of a transistor. The switches 
a11 , b12, c13 and d14 are provided with a ground potential GND, power supplies VLC2, VLC1 and VLCO, 
respectively. The power supply switching timing control circuit 10 is provided with a clock signal to switch 
between switches c13 and d14 and selectively output VLCO or VLC1 as the high potential side power 
supply VSH. Meanwhile, the circuit 10 switches between switches a11 and b12 to selectively output VLC2 
or GND as the low potential side power supply VSL. 

[0038] The segment driver control circuit 2 has a display timing control circuit 20 provided with frame signals 
0 to 3 and the display memory data 0, and an OR circuit (logical sum circuit) 21 provided with the output of 
the display timing control circuit 20 and the non-display control signal. The OR circuit 21 takes the logical 
sum of the output of the display timing control circuit 20 and the non-display control signal, and outputs the 
result as a segment driver gate signal SDO to the segment driver 3. Note that the same applies to segment 
driver gate signals SD1 to SDn. 

[0039] The segment driver 3 is of a CMOS type and has a p channel output buffer 30 and an n channel 
output buffer 31 . The high potential side power supply VSH is input to the p channel output buffer 30 while 
the low potential side power supply VSL is input to the n channel output buffer 31 . The connection node of 
the p channel output buffer 30 and the n channel output buffer 31 is connected to a segment terminal 32. 
The gate electrode of each transistor in the p channel output buffer 30 and the n channel output buffer 31 is 
provided with the segment driver gate signal SDO output from the OR circuit 21 . When the segment driver 
gate signal SDO is pulled to a high level, the n channel output buffer 31 is turned on and VSL is output to the 
segment terminal 32. Meanwhile, when the segment driver gate signal SDO is pulled to a low level, the p 
channel output buffer 30 is turned on and VSH is output to the segment terminal 32. The same applies to 
the segment driver gate signals SD1 to SDn. The output of the segment driver 3 is applied to each pixel in 
the LCD panel 9. 

[0040] As shown in Fig. 6, the common power supply selector 4 has a power supply switching timing control 
circuit 40, which is connected with switches a41 , b42, c43 and d44 each formed of a transistor. The 
switches a41 , b42, c43 and d44 are provided with the ground potential GND, power supplies VLC2, VLC1 
and VLCO, respectively. The power supply switching timing control circuit 40 is provided with a clock signal 
to switch between the switches c43 and d44, and selectively outputs VLCO or VLC1 as the high potential 
side power supply VCH. Meanwhile the circuit 40 switches between the switches a41 and b42 to selectively 
output VLC2 or GND as the low potential side power supply VCL. 

[0041] The common driver control circuit 5 has a display timing control circuit 50 provided with the frame 
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signals 0 to 3 and an OR circuit 51 provided with the output of the display timing control circuit 50 and a 
non-display control signal. The OR circuit 51 takes the logical sum of the output of the display timing control 
circuit 50 and the non-display control signal, and outputs the result as the common driver gate signal CDO to 
the common driver 6. Note that the same applies to the common driver gate signals CD1 to CD3. 

[0042] The common driver 6 is of a CMOS type and has a p channel output buffer 60 and an n channel 
output buffer 61 . The p channel output buffer 60 is provided with the high potential side power supply VCH, 
while the n channel output buffer 61 is provided with the low potential side power supply VCL. The 
connection node of the p channel output buffer 60 and the n channel output buffer 61 is connected to a 
common terminal 62. The gate electrode of each transistor in the p channel output buffer 60 and the n 
channel output buffer 61 is provided with the common driver gate signal CDO output from the OR circuit 51 . 
When the common driver gate signal CDO is pulled to a high level, the n channel output buffer 61 is turned 
on and VCL is output to the common terminal 62. Meanwhile, when the common driver gate signal CDO is 
pulled to a low level, the p channel output buffer 60 is turned on, and VCH is output to the common terminal 
62. The same applies to the common driver gate signals CD1 to CD3. The output of the common driver 6 is 
provided to each pixel in the LCD panel 9. 

[0043] The operation of the liquid crystal display device according to the present embodiment will be now 
described in conjunction with Figs. 7 to 1 0B as well as Figs. 4 to 6. 

[0044] Fig. 7 is a timing chart showing the input and output waveforms of the segment driver control circuit 2 
and the segment driver 3 according to the present embodiment, in which the ordinate represents potential 
and the abscissa represents time. 

[0045] Fig. 8A is a timing chart showing the input and output waveforms of the segment driver 3 according 
to the present embodiment, in which the ordinate represents potential and the abscissa represents time. 
Fig. 8B is an enlarged view showing a main part of Fig. 8A. 

[0046] Fig. 9 is a timing chart showing the input and output waveforms of the common driver control circuit 5 
and the common driver 6 according to the present embodiment, in which the ordinate represents potential 
and the abscissa represents time. 

[0047] Fig. 1 0A is a timing chart showing the output waveform of the common driver 6 according to the 
present embodiment, in which the ordinate represents potential and the abscissa represents time. 

[0048] Fig. 1 0B is an enlarged view showing a main part of Fig. 1 0A. 

[0049] The operation in a display state will be now described. As shown in the first half of the Figs. 8A and 
1 0A, when the non-display control signal is off (in a low level), a display is made in a normal display state. 

[0050] More specifically, the display control circuit 8 generates the clock signal and the frame signals 0 to 3 
as shown in Fig. 7. Data represented by display memory data 0 in Fig. 7 is set for display memory data 0 in 
Fig. 4 so that a desired display is enabled on the LCD panel 9 by the output of the segment terminal 32. The 
value of the display memory data 0 is input to the display timing control circuit 20 in the segment driver 
control circuit 2 via the display control circuit 8. The display timing control circuit 20 in the segment driver 
control circuit 2 generates a segment driver gate signal from the frame signals 0 to 3 and the display 
memory data 0 similarly to the conventional device. 

[0051] The OR circuit 21 is provided with a low level signal as a non-display control signal. When the logical 
sum of the output of the display timing control circuit 20 and the non-display control signal is taken, the 
output of the display timing control circuit 20 is output as is as the segment driver gate signal SDO. The 
signal SDO is input to the gate electrodes of the p channel output buffer 30 and the n channel output buffer 
31 in the segment driver 3. 

[0052] The power supply switching timing control circuit 10 in the segment power supply selector 1 receives 
as inputs the non-display control signal and the clock signal, and alternately turns on/off the switches d 3 
and d1 4 in synchronization with the clock signal to alternately output VLCO and VLC1 as the high potential 
side power supply VSH. The power supply switching timing control circuit 1 0 also alternately turns on/off the 
switches a1 1 and b12 in synchronization with the clock signal to alternately output VLC2 and GND as the 
low potential side power supply VSL. When the segment driver gate signal SDO is high, the n channel 
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output buffer 31 is turned on and the potential of the VSL (VLC2 or GND) is output to the segment terminal 
32 as the segment driver output SO. When the segment driver gate signal SDO is low, the p channel output 
buffer 30 is turned on and the potential of VSH (VLCO or VLC1) is output to the segment terminal 32 as the 
segment driver output SO. Thus, a signal in the waveform of SO as shown in Fig. 7 is output to the segment 
terminal 32. The segment driver outputs S1 to Sn are similarly output from the segment driver 3. 

[0053] The operation of the common driver 6 in a display state will be now described. As shown in Fig. 9, 
when the clock signal and the frame signals 0 to 3 are input to the display timing control circuit 50, the 
display timing control circuit 50 generates the common driver gate signals CD0 to CD3. Since the non- 
display control signal is low in a display state, the output of the display timing control circuit 50 as is is 
output from the common driver control circuit 5 as the common driver gate signals CDO to CD3. The power 
supply switching timing control circuit 40 switches between the switches d44 and c43 in synchronization 
with the clock signal to alternately output VLCO and VLC1 as the high potential side power supply VCH 
while alternately output VLC2 and GND as the low potential side power Supply VCL. In the common driver 
6, when the common driver gate signal CDO is high, the n channel output buffer 61 is turned on and VCL is 
selected. The potential of VCL at the time is output to the common terminal 62 as the common driver output 
CO. Meanwhile, when the common driver gate signal CDO is low, the p channel output buffer 60 is turned on 
and VCH is selected. The potential of VCH at the time is output to the common terminal 62 as the common 
driver output CO. Thus, a signal in the waveform CO in Fig. 9 is output to the common terminal 62. The 
common driver outputs C1 to C3 are similarly output from the common driver 6. 

[0054] The operation of the segment driver 3 in a non-display state will be now described in conjunction with 
Fig. 8A and 8B. When the liquid crystal is in a non-display state, the display control circuit 8 turns on the 
non-display control signal (pulls the signal to a high level). 

[0055] As shown in Fig. 8A, when the non-display control signal is on (in a high level), a high level signal is 
output from the OR circuit 21 regardless of the kind of the signal output from the display timing control 
circuit 20, so that the n channel output buffer 31 is turned on. The power supply switching timing control 
circuit 10 turns on the switches a11 and c13 when the non-display control signal is in a high level, so that 
VSH is fixed to VLC1 , and VSL is fixed to GND as the output of the segment power supply selector 1 . Since 
the segment driver 3 is provided with the segment gate signal SDO and the n channel output buffer 31 is 
turned on, VSL is selected and the GND level is output to the segment terminal 32. 

[0056] The operation of the common driver 6 in a non-display state will be now described in conjunction with 
Figs. 1 0A and 1 0B. 

[0057] When the non-display control signal is in a high level, as shown in Fig. 10A, a high level signal is 
output as the common driver gate signal CDO from the OR circuit 51 regardless of the output of the display 
timing control circuit 50, so that the n channel output buffer 61 is turned on. When the non-display control 
signal is in a high level, the power supply switching timing control circuit 40 turns on the switches a41 and 
c43, and VCH is fixed to VLC1 and VCL is fixed to GND as the output of the common power supply selector 
4. Since the n channel output buffer 61 is on, as shown in Fig. 10B, the non-display control signal is pulled 
to a high level and the GND level is output to the common terminal 62 at the same time. 

[0058] As described above, according to the present embodiment, the OR circuit 21 is provided in the 
output stage of the segment driver control circuit 2, and when the non-display control signal is on, a high 
level signal is output from the segment driver control circuit 2 as the segment driver gate signal SDO to 
select the n channel output buffer 31 . When the non-display control signal is on, the power supply switching 
timing control circuit 10 selects GND as the low potential side power supply VSL, and therefore GND is 
output to the segment terminal 32 and to the LCD panel 9. 

[0059] Similarly, GND is output to the common terminal 62 and to the LCD panel 9. Therefore, when the 
non-display control signal is on, the segment driver gate signals SDO to SDn and the common driver gate 
signals CDO to CD3 are pulled to a high level, and the segment driver outputs SO to Sn and the common 
driver outputs CO to C3 are all pulled to GND. More specifically, in a non-display state, the outputs of the 
segment terminal 32 and the common terminal 62 are not a rectangular wave in an intermediate potential, 
but in a GND level. Thus, GND can be output from the segment driver 3 and the common driver 6 to each 
pixel in the LCD panel 9, so that through current in the segment driver 3 and the common driver 6 can be 
eliminated when the LCD panel 9 in a non-display state. 
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[0060] Also according to the present embodiment, the segment power supply selector 1 and the common 
power supply selector 4 connect the power supply voltage VLCO, VLC1 or VLC2 supplied from the boosting 
circuit 7 or the ground potential GND to the load. When the LCD panel 9 changes its state from a display 
state to a non-display state, the non-display control signal may be turned on to connect GND to VSL and 
VCL in the segment power supply selector 1 and the common power supply selector 4. Further, in the 
segment driver control circuit 2 and the common driver control circuit 5, the power supply switching timing 
control circuits 10 and 40 are controlled by the non-display control signal such that VSL and VCL are 
selected by the segment driver 3 and the common driver 6. Therefore, the charges accumulated at the 
segment terminal 32 and the common terminal 62 may be discharged by the ground potential and therefore 
charges can be discharged quickly. Therefore, the LCD panel 9 can be quickly turned off. 

[0061] Note that the present invention is not limited to the above-described embodiment, and in the 
segment control circuit 2 shown in Fig. 5, the OR circuit 21 may not be provided. In this case, when the non- 
display control signal is on, the display timing control circuit 20 outputs frame signals 0 to 3, the clock signal 
and the display memory data 0 while selecting the non-display control signal. Thus, when the non-display 
control signal is in a high level, the SDO may be pulled to a high level and the segment driver output SO may 
be pulled to the GND output as described above. Therefore, the power consumption in a non-display state 
caused by through current in the segment driver 3 can be reduced. Also in the common driver control circuit 
5, the OR circuit 51 may not be provided similarly to the segment driver control circuit 2. 

[0062] In the segment driver 3 as shown in Fig. 5, two transfer gates may be provided instead of the p 
channel output buffer 30 and the n channel output butter 31 forming the CMOS type device. Each of the 
transfer gates has a p channel transistor and an n channel transistor, wherein a source electrode of the p 
channel transistor is connected to a source electrode of the n channel transistor and a drain electrode of the 
p channel transistor is connected to a drain electrode of the n channel transistor. VSH is input to the source 
electrodes of the p channel transistor and the n channel transistor of one of the transfer gate. VSL is input to 
the source electrodes of the p channel transistor and the n channel transistor of the other transfer gate. SDO 
is input to both of gate electrodes of the p channel transistors of the one of the transfer gate and the n 
channel transistors of the other transfer gate. An inverse signal of SDO is input to both of the gate 
electrodes of the n channel transistors of one of the transfer gate and the p channel transistors of the other 
transfer gate. The drain electrodes of the p channel transistor and the n channel transistor of both of the 
transfer gates are connected to the segment terminal 32. Thus, VSH is output as SO from the segment 
terminal 32 when SDO is in low level. VSL is output as SO from the segment terminal 32 when SDO is in high 
level. In this case, in the segment power supply selector 1 , when the non-display control signal is on, GND 
is output as VSL, the segment driver gate signal SDO is pulled to a high level and the segment driver output 
SO may be pulled to the GND output as described above so that the power consumption in a non-display 
state caused by through current in the segment driver 3 can be reduced. 

[0063] Also the same modification to the common driver 6 as that to the segment driver 3 described above 
can be applied. As a result, when the non-display control signal is on, GND may be output as VCL, the 
common driver gate signal CD0 may be pulled to a high level and the segment driver output CO may be 
pulled to the GND output as described above, so that the power consumption in a non-display state caused 
by through current can be reduced in the common driver 6. 

[0064] While there has been described what are at present considered to be preferred embodiments of the 
invention, it will be understood that various modifications may be made thereto, and it is intended that the 
appended claims cover all such modifications as fall within the true spirit and scope of the invention. 
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